The aim of the study was to determine the effects of supplementation of sows' and weaners' diet with Stresomix, preparation containing extracts from Magnifera indica, Withania somnifera, Phyllanthus emblica, and Ocimum sanctum, on pig performance and immunity under field condition. The hypothesis was that anti-inflammatory, antistress, and immunomodulatory properties of the herbs would enhance production parameters and immune response, according to the manufacturer's claim. The study was performed on 16 sows and 160 piglets. The following parameters were recorded: concentration and proportion of white blood cells and their populations, concentration of serum immunoglobulins, specific humoral postvaccinal response after vaccination against swine influenza and swine erysipelas, and main production parameters. No significant differences among treatment groups were found with regard to concentrations of leukocyte subpopulations and immunoglobulins, as well as all investigated production parameters (P>0.05). In conclusion, the results of the study did not confirm that the investigated polyherbal product, administered at dose recommended by manufacturer, is able to significantly improve the performance and postvaccinal humoral response in clinically healthy pigs under field condition.
Introduction
The prevention of diseases and enhancement of growth are major factors influencing efficient pig production. Strategies to improve the immune response to vaccination included the use of higher vaccine dose, increasing number of doses, various routes of administration, adjuvants such as antigen delivery systems, and various immunomodulators (7, (9) (10) (11) (12) . There is an increasing evidence that medicinal herbs enhance the immune responses to vaccines directed against infectious agents (7, 8, 12, 14, 17) . For many years, gastrointestinal diseases have been suppressed and growth promotion has been effectively achieved by the subtherapeuthic doses of antibiotics added to diets (21) . Restriction on the use of in-feed antibiotics in many countries has provided an interest in alternative products (i.e. phytogenics). The mode of action of most phythogenic products is still not completely understood. The potential mechanism by which they may improve performance includes: increase feed intake, improved gut function, antimicrobial effects, immunomodulatory effects. However, to date there is limited research validating their potential benefits for pigs.
The objective of the study was to determine under field condition the effects of addition of Stresomix, preparation containing extracts from Magnifera indica, Withania somnifera, Phyllanthus emblica, and Ocimum sanctum, to diets of clinically healthy sows and/or weaners. The mentioned above herbs have been previously reported for their immunomodulatory properties and positive influence on the growth and performance of pigs (17) . The hypothesis was that antiinflammatory, antistress, and immunomodulatory properties of the herbs, according to the manufacturer's statement would enhance production parameters and immune response.
Material and Methods
Management and nutrition. The trial was conducted in Farm B (Poland) from 2011 to 2012. A farrow to finish herd of 80 sows of similar genetics (PIC) was used. The sows were kept in high-investment indoor facilities. Standard farm management included weaning at four weeks of lactation.
During pregnancy, the sows were fed 2-3 kg/d of commercial gestation ratio that contained (on a per kg basis) 12.85 MJ of digestible energy, 135 g of organic protein, 6.2 g of lysine, 7.3 g of calcium, and 4.4 g of phosphorus. The lactation diet (13.3 of MJ digestible energy, 163 g of organic protein, 8.6 g of lysine, 1.04 g of calcium, and 4.7 g of phosphorus) was fed as follows: 2-3 kg/d from day 110 of pregnancy to parturition, 1 kg/d on the day of parturition, and ad libitum starting on the 2 nd d after parturition. Weaners from 6 to 11 weeks of life were fed a commercial diet containing (on a per kg basis) 13.7 MJ of digestible energy, 188 g of organic protein, 12.3 g of lysine, 7.2 g of calcium, and 4.3 g of phosphorus.
Experimental design. The study was performed on 16 sows and 160 piglets. Sows were divided into two groups (A supp. and B), while piglets into four groups (A1supp., A2 -born to supplemented sows, B1 supp., B2 -born to control sows, n = 40 each). Sows from group A were fed basal diet supplemented with commercially available herbal product (Stresomix, Ayurvet Ltd, India) at a dose recommended by manufacturer: 1 kg/ton during last 21 d of pregnancy. Piglets were weaned at 28 d of age and assigned to one of four groups. Weaners from groups A1 supp. and B1 supp. received Stresomix from 6 to 11 weeks of age, at a dose of 1 kg/ton of diet, according to manufacturer's recommendation.
Vaccines. Weaners from all groups were vaccinated against erysipelas and swine influenza at 8 and 11 weeks of age. The Ruvax (Merial) and RespiPork Flu3 (IDT) vaccines were used.
Sampling. The blood samples from piglets were collected at 2, 4, 6, 8, 10, 12, 14, 16 , and 18 weeks of their age.
Haematological examination. Whole blood samples were analysed for different leukocyte proportions and concentrations on a Abacus Junior Vet 5 haematology analyser (Diatron, Hungary). Proportions of lymphocytes (LYM), monocytes (MID), and granulocytes (GRA) were calculated as a percentage of leukocyte concentration (WBC).
Measurement of immunoglobulin concentration in serum.Total serum concentrations of IgA, IgM, and IgG were determined by commercial ELISA kits (ELISA Qantitation Kit, Bethyl Laboratories Inc, USA) according to the manufacturer's recommendations. The absorbance was recorded at 450 nm using an ELISA plate reader (Multiskan RC, Labsystems, Finland). The results obtained (ng/mL) were multiplied by the appropriate dilution factor and expressed as mg/mL. In each experiment serial dilutions of standard samples were tested in order to receive calibration curve, which was then computer-adjusted (with the use of FindGraph software programme). From this calibration curve, values of unknown Ig concentration samples were calculated.
Humoral immune response. SIV antibodies were measured using a haemagglutination inhibition (HI) assay. The assay was performed according to the standard procedure, using 0.5% chicken erythrocytes and 4 HA units of three subtypes of influenza viruses (H1N1, H1N2, and H3N2). All sera were tested in serial two-fold dilutions, starting at 1:20. To estimate the antibodies prevalence, titres equal or higher than 20, were considered positive.
Antibodies specific to the Erysipelothrix rhusiopathiae (ER) antigen were determined using an indirect commercial ELISA for detection of serovar 1 and 2 infections (CIVTEST SUIS SE/MR, HIPRA) according to the manufacturer's instruction. All reagents necessary for performing the assay were provided with the kit and the assay was conducted at ambient temperature. Optical density (OD) was measured at 405 nm using a Multiskan RC microplate reader (Labsystems). The presence or absence of antibodies to examined antigen was determined by calculating the ELISA score according to the following formula:
where: OD -optical density, ODneg -optical density of negative control, ODpos -optical density of positive control. Samples were considered positive if the ELISA score was greater than 40.
Production parameters.
The following production parameters were registered: litter size, individual body weight (bw) of live-born piglets, the average litter weight at birth, average (litter) and individual bw of piglets at weaning, average daily gains to weaning and to the end of treatment with Stresomix (11-week-old), feed consumption per 1 kg of bw gain (feed conversion efficiency) from weaning to 11 weeks of age, average daily bw gains from 11 weeks to the end of fattening.
Statistical analysis. Data from all groups was subjected to the W. Shapiro-Wilk's test of normality and the Levene'a test of equal variances. In the case of a lack of normality or different variances, a nonparametric Kruskal-Wallis test with post hoc multiple comparisons for comparison of all pairs was used. In the case of normal distribution and equal variances, the one-way ANOVA with HSD Tukey's post-test was used. The above tests were used for analysis of differences between piglets groups. Additionally, the Student's t-test was used (for comparison of sows' groups). All calculations were performed with the Statistica 8.0 (Statsoft, Poland) computer programme.
Results
Haematological examination. There were no significant differences among the groups with regard to all investigated parameters (P > 0.05). The detailed results regarding concentration of WBC, LYM, MID, and GRA are shown in Table 1 . The values of all indices were within the reference ranges.
Measurement of immunoglobulin concentration in serum. Mean ( SD) IgG, IgM, and IgA concentrations in piglets' serum is shown on Fig. 1 . No significant differences among groups were found in all Ig concentrations before, during, and after treatment with herbal product. Humoral immune response. The impact of the herbs on the development and persistence of specific humoral immunity, after usage of viral and bacterial inactivated commercial vaccines, was also evaluated. No significant differences were observed with respect to the development and intensity of humoral specific immune response after vaccination of weaners. The kinetics of humoral response against SIV and ER is shown in Figs 2 and 3 . In weaners from all groups, the seroconversion after vaccination against SI was observed after the second dose. The mean maximum HI titre reached 220.85, 200.42, 220.0, and 235.71, respectively for group A1 supp., A2, B1 supp., and B2. After vaccination with Ruvax vaccine, the mean ELISA score reached 52.99, 52.40, 62.30, and 58.56 for groups A1 supp., A2, B1 supp., and B2, respectively. In weaners, which received herbal products during vaccination, the persistence of antibodies specific to ER, at level considered as positive (ELISA score 40.0), was slightly longer, especially in comparison to group B2 (P < 0.05). Seroconversion was observed after the second dose of vaccine. In pigs from groups A2 and B2, the mean ELISA scores were lower than those considered to be positive before 14 weeks of age, while the weaners supplemented with herbs from 6 to 11 weeks of age (groups A1 supp. and B1 supp.) had the mean ELISA score higher than positive animals at this age. The mean ELISA scores lower than those considered to be positive were observed in herbs-supplemented weaners at 16 weeks of age.
Pig performance. All pigs fed or not fed herbal product appeared clinically normal during the whole experiment period. There were no differences among groups in all the investigated performance parameters. The detailed results are shown in Table 2 .
Discussion
Restriction on the use of antibiotics in feed has provided an interest in alternative products i.e. natural products known as phytogenics (1, 13, 15, 17 19) . Phytogenic feed additives include herbs, spices, essential oils, and oleoresin. Stresomix, a polyherbal formulation of Ayurvet, is a blend of extracts of medicinal plants. According to the manufacturer's statement, this combination has antistress properties and immunomodulation activity resulting in an increased postvaccinal humoral immune response. Active compounds of Magnifera indica, Withania somnifera, Phyllanthus emblica, and Ocimum sanctumas may influence pigs' health and performance due to their antioxidant (6), antibacterial (6), antistress (4, 5) , anti-inflammatory (6), and immunomodulatory properties (4, 20) . However, there is a limited research validating their potential benefits for pigs.
In the study, no effects of the herbs on most investigated factors were observed, with regard to both immune and performance parameters. Similar results with respect to stimulation of specific humoral immunity were also found by Sanda et al. (16) , who investigated the efficacy of Stresroak, a product with comparable composition to Stresomix, in cockerel chicks. Eighty-day-old chicks were receiving Stresroak at the recommended dosage of 1 mL/20 birds for 5 d prior to the vaccinations with Newcastle disease vaccine. Some chicks received a double dose of Stresroak prior to vaccinations. There was no significant immunostimulation by Stresroak except, on days 42 and 63 of life. The authors concluded that the manufacturer's statement of immunomodulatory property of Stresroak could not be validated in the humoral immunity study. In this study the beneficial effect of herbal product was observed only as a slightly longer persistence (about 2 weeks) of specific antibodies after vaccination against swine erysipelas and only in animals receiving investigated product before and during vaccination (groups A1 supp. and B1 supp.), but probably without a clinical significance. Further work should also focus on the postvaccinal cell-mediated immunity, that could be potentially influenced by the investigated products. In contrast, Gatne et al. (3) reported that administration of Magnifera indica, Withania somnifera, Phyllanthus emblica, and Ocimum sanctumas extracts to broiler chickens 5 d before and 5 d after vaccination against Newcastle disease and Gumboro disease resulted in a significant increase in antibody titre as compared to untreated control group. In accordance with our findings, the performance parameters were not improved significantly in the mentioned study (3) . Contrary results were obtained by Ambore et al. (2) , who observed a significant improvement of production parameters in goats after administration of Stresomix. However, the authors investigated the effect of Stresomix administration on goats immunosuppressed due to transportation stress. It could be that the positive effect of the investigated herbs on the pigs occurs only during pathological conditions of animals and cannot simply be extrapolated to healthy animals.
In conclusion, the results of the study did not confirm that investigated polyherbal product, administered at dose recommended by the manufacturer, significantly improves the performance and postvaccinal humoral response in clinically healthy pigs under field condition. Further studies should focus on the evaluation of effects of Stresomix administration to immunosuppressed pigs (i.e. in stress-related conditions caused by suboptimal temperature, transport, over-crowding), or pigs with subclinical infections, as they are very important factors negatively influencing pig's growth performance and immunity.
